When an aversive stimulus (S2) follows a weak neutral stimulus (S1), the responses to S2 are modified. Compared with an S2-alone control, facilitation occurs in the long-ISI (e.g., 8 s) condition, while inhibition occurs in the short-ISI (e.g.,. 5 s). The Si employed in this kind of study can have the three properties of time, warning, and physical stimulation as a signal. In this study, the relations between response modifications and SI properties were investigated, using the response measures of the eyeblink reflex and subjective aversiveness ratings.
When an aversive stimulus (S2) follows a weak neutral stimulus (S1), the responses to S2 are modified. Compared with an S2-alone control, facilitation occurs in the long-ISI (e.g., 8 s) condition, while inhibition occurs in the short-ISI (e.g.,. 5 s). The Si employed in this kind of study can have the three properties of time, warning, and physical stimulation as a signal. In this study, the relations between response modifications and SI properties were investigated, using the response measures of the eyeblink reflex and subjective aversiveness ratings.
In addition to demonstrating the importance of the ISI variable, the results indicated that in the eyeblink reflex, the SI with only a physical stimulation property was necessary for facilitation, while the Si with at least time and physical stimulation properties was necessary for inhibition, and in the aversiveness ratings, the S1 with at least a physical stimulation property was necessary for inhibition, while no facilitation was found whatever property Si had.
When an aversive stimulus (S2) follows a weak stimulus (S1), i.e., a signal, some of the organism's responses to this aversive stimulus become different from those which occur without a signal. We call this phenomenon the" signalling effect". So far, using subjective aversiveness ratings and autonomic responses as responses to S2, this kind of phenomenon has been investigated mainly from the viewpoint of inhibitory modification, i.e., that the organism's responses to an aversive stimulus with a signal are smaller than those without it. Moreover, some notions which explain the underlying mechanism about this inhibitory signalling effect have been proposed, e.g., Lykken's Negative Preception (NP) hypothesis (Lykken, Macindoe, & Tellegen, 1972) and Perkins' Preparatory Response (PR) theory (Perkins, 1968) .
However, we have found not only the inhibitory signalling effect, but also a facilitatory one (Yamasaki & Miyata, 1980) . That is, we found that when the S1-S2 interval (interstimulus interval: ISI) was short, say, .5 s, the responses to S2 were inhibited, while when it was long, say, 8 s, they were facilitated. It must be noted that this facilitatory effect has been reported also in the University of Toronto laboratory (Furedy & Doob, 1971a, Exp. III; 1971b; 1972, Exp. III) . Additionally, we found that whether inhibitory or facilitatory, these signalling effects were not caused by any learning factors because such factors were not found in the changes in response amplitude with the progress of trials, and this fact is inconsistent with PR and NP notions which contain some learning factor.
As a first step to investigate the mecha- to subjective ratings because they are regarded as reflecting aversiveness. However, we employed skeletal muscle responses like the eyeblink reflex because the eyeblink reflex showed a finer linear increasing function against increases in aversive stimulus intensity and reflected aversiveness more precisely than digital volume-pulse change (Yamasaki, 1978) . As for skeletal muscle responses like the eyeblink reflex, numerous studies on this kind of phenomenon have been presented under the name of " lead-stimulation effects " (e.g., Graham, 1975) . Although in fact various ideas have been presented there, we will concern ourselves only with Graham's (1975) and Stitt, Hoffman, and Marsh's (1973) notions in the present study. Each of these studies used the orienting response (OR) as a concept for explanation. Stitt et al. (1973) presented the following notion to explain the inhibitory leadstimulation effect. They hypothesized that the OR which was evoked to Si interfered with the responses to S2 so that the inhibitory effect occurred because " the orienting and startle reflexes share essential neural components "(p.215). On the other hand, Graham (1975) explained the facilitatory lead-stimulation effect using this OR function. She suggested that facilitation was due to the OR to S1 and physiological rebound caused by the rapid termination of orienting produced when S2 terminated uncertainty. Moreover, it is predicted from her suggestions that the more the OR is evoked, the more rebound will be.
These two notions are mainly concerned with the OR. If the physical stimulation property of S1 is kept constant, the OR to SI will be evoked according to the degree of uncertainty SI brings about. That is, the OR will be much smaller in the case that Si has two other properties, i.e., those of time and warning, than in the case that it doesn't, because time and warning properties will lower temporal and event un- 3 When we say that SI has a warning property in the present paper, we mean that the S2 presentation after Si can be predicted with 100% probability; when we say that SI has no warning property, we mean that the S2 presentation after SI can be predicted with 50% probability, i.e., uncertainty about S2 presentation after S 1 is the highest. This definition also applies to the time property.
Sla onset. Moreover, the subject was informed about these relationships before this session, so he or she could be aware of the contingency between S1 and S2 (warning property), and the interval between each of the Sls and S2 (time property). Session WP. In this session S1 had two properties, i.e., warning and physical stimulation properties: The stimulus conditions in this session were the same as those in Session WTP, that is, Conditions P8, P4, and P.5 were used. However, the relationships between S 1 (a, b, c) and the ISI (8, 4,. 5 s) were randomly varied within a subject, so the subjects could be aware of the contingency between SI and S2 (warning property), but not of the interval between each of the Sls and 52.
Session TP. In this session Si had two properties, i.e., time and physical stimulation properties: In addition to the stimulus conditions in Session WTP, three unpaired S1-alone conditions, i.e., 8-s, 4-s, and.5-s SI duration conditions were employed, where the relationships between SI (a, b, c) and S1 duration (8, 4, .5 s) were the same as those between SI and the ISI in this session. So in this session the subject could not know whether S 1 would be followed by S2 on a given trial, but he or she could know the interval between each of the Sls and S2 when S1 would be followed by S2 (time property) because the relationships between Si (a, b, c) and the ISI (8, 4, .5 s) were fixed within a subject (note: These relationships were the same as those in Session WTP) and the subject was informed about it before this session.
Session P. In this session SI had only one property, i.e., that of physical stimulation. The stimulus conditions in this session were the same as those in Session TP, but the relationships between S1 (a, b, c) and the ISI (8, 4, .5 s) were randomly varied within a subject, so the subject could know neither the interval between each of the Sls and S2 when S1 would be followed by S2 nor whether Si would be followed by S2 on a given trial. and P4 in Session P (436)=2.29 and 3.13, respectively). Although the trends for the facilitatory effects of Conditions P8 and P4 in Session WP could be seen in Fig. 2 , there were no significant effects . However, it should be noted that the difference between Condition P.5 and P8 was significant (t(36)=2.35).
Aversivcness Rating Figure 3 shows the results of the 1800-rotation type of subjective aversiveness rating in each condition (P8, P4, or P.5) of each session (WTP, WP, TP, or P). As in Fig. 2 , the value of the rating in this figure is expressed as a difference score in logarithm units relative to a S2-alone control condition. Analysis of variance indicated that the main effect for conditions was significant (F(3, 36)=16.12, p<.001), but not the main effect for sessions and the sessions x conditions interaction (F(3, 36)=.87 and F(9, 108)=.43, respectively). Then, based on the insignificant interaction between conditions and sessions, the overall difference between each of the three conditions and the S2-alone control condition was analyzed by disregarding the differences in the sessions. As a result, only the inhibitory effect of Condition P.5 was significant (t(36)=3.59), and the facilitatory effects of Conditions P8 and P4 were insignificant.
Questionnaire about Aversiveness Rating and Preference in Session WTP
The results of the aversiveness rating on the 15-cm horizontal line to each condition in Session WTP are depicted in Fig.  4 , expressing each score as a percentage of the full 15-cm scale. Friedman's (1940) test indicated that the overall difference in conditions was significant (x,.2(3)=10.75, p<.04).
That is, the overall null hypothesis was rejected. So, based on this overall significant difference, further analyses were performed between each of the three conditions (P8, P4, P.5) and the S2-alone control condition. Wilcoxon T tests indicated that only the inhibitory effect of Condition P.5 was significant (T=10, n= 13, p<.01).
As for preference among the conditions, the number of subjects who preferred each condition was as follows: Condition P8 (n=1), P4 (n=3), P.5 (n=8) and Control (n=1). Statistical analysis indicated that the overall difference in the conditions was significant (Xr2(3)=11.86, p<.02), and further analysis by binomial probability FIG. 3 . Mean difference score of rated aversiveness for Conditions P8, P4, and P
.5 in each of the four sessions. The scores are expressed as difference scores in logarithmic units relative to an S2-alone control condition.
indicated that only Condition P.5 was significantly preferred to the control condition (r=1, N=13, p=.004).
DISCUSSION
The results of the present experiment showed the modifications in the subject's responsivity to S2 by changing the properties of S 1 Below, the results of each response are discussed in detail.
In the eyeblink reflex, the inhibitory effect was found in Condition P.5 of Sessions WTP and TP. That is, this effect was found only when the S1-S2 interval was short, say, .5 s, and S l had a time property. Sokolov (1963) suggested in his neuronal model theory that the less information the subject had about the stimulus presentation, the larger the OR would become. In other words, when the formation of a neuronal model that encodes the S1-S2 contingency and its temporal variations is delayed, the OR to S1 or in the ISI would get larger. According to this notion, S1 in Session P, where information about S2 presentation was the least, would evoke the largest OR, and Si in Session WTP, where the information was the most, the smallest. So if this is the case, the hypothesis by Stitt et al. (1973) would predict that the inhibitory lead-stimulation effect would be much greater in Session P than in Session WTP. However, the results were completely inconsistent with this prediction.
In most of the studies on the lead-stimulation effect, much shorter-ISI conditions than .5 s were found to produce more striking inhibitory lead-stimulation effects without the time property of 51 (e.g., Yamada & Miyata, 1979) . Peak inhibition is between 60 and 120 ms in human subjects (Graham, 1975) . A time property would be necessary for producing inhibitory effects only in a relatively long-ISI condition like .5 s, but not in a much shorter-ISI condition.
The facilitatory effect of the eyeblink reSession P. That is, this effect could be found only when the ISI was long, 'say, 8 or 4 s, and SI had neither time nor warning properties. SI which had neither time nor warning properties would bring about the situation that both temporal and event uncertainties were very high. In such a situation, the OR to S1 would become very large. If the rebound hypothesis of Graham (1975) is valid, the facilitatory effect should be found most pronounced in Session P because it seems plausible that the larger the OR to S 1 becomes, the greater is the rebound. This prediction is compatible with the present findings. Thus the present experiment supported Graham's rebound hypothesis, but its support is indirect because no response in the ISI, which would become the index of the OR, was measured here. However, recently Bohlin and Graham (1977) produced results contradicting this hypothesis by using an ingenious task. They found that " facilitated blinking was elicited while heart rate continued to decelerate, i.e., the blink was elicited before orienting was terminated "(p.
429) .
Heart rate (HR) deceleration is often regarded as an autonomic component of the orienting system. So, taking into account Bohlin and Graham's study , the only thing to be said clearly for the present might be that some response like the OR in the ISI is necessary for obtaining the facilitatory effect. In the case that the facilitatory effect occurs, HR deceleration is often found in the ISI (Bohlin & Graham, 1977; Graham, Putnam, & Leavitt, 1975) . Furthermore, this kind of HR deceleration can be also found during the foreperiod in reaction time experiments (e.g., Lacey & Lacey, 1970) . It might be possible that if a significant stimulus (Wyrwicka, 1972) follows any neutral stimulus, HR deceleration always occurs in the interval between the two stimuli. However, what this HR deceleration indicates must be investigated in future studies.
The Laceys (e.g., Lacey & Lacey, 1970) consider that HR can reflect some central nervous system activity, and regard HR deceleration as a mechanism for increasing cortical arousal and enhancing sensorimotor behavior. This notion can explain the possible positive relation between HR deceleration and blink facilitation. Yet Obrist, Webb, and Sutterer (1969) indicated that while the subject attended in the ISI, not only HR decelerated, but task-irrelevant behavior was inhibited. The blink reflex would be excluded from the category of task-relevant behavior in the present experiment, and in Bohlin and Graham's experiment. Taking into account these notions, Bohlin and Graham (1977) proposed an interesting hypothesis: If the OR that occurs in the ISI " enhances the detection and perception of stimuli, the blink facilitation must have occurred because any response associated with an enhanced stimulus, especially a reflex response, will also be enhanced" (p. 430). On the contrary, spontaneous motor behavior would not be enhanced because it is not stimulation-elicited. Yamada & Miyata, 1979) . It is well-known as Heymans' Law (Heymans, 1899) that the degree of sensory degradation of S2 is an increasing function of the intensity of Si. Also, the interaction between the physical stimulation property and each of time and warning properties should be investigated.
